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(54) Polyamide resin 

(57) The polyamide resin of the present invention is produced by polycondensation of a diamine component com- 
prising 70 mol% or more of m-xylylenediamine and a dicarboxylic acid component comprising 70 mol% or more of a 
C4-C20 a,to-straightrchain aliphatic dicarboxylic acid in the presence of at least one phosphorus compound selected 
from the group consisting of phosphinic acid compounds and phosphonous acid compounds and in the presence of 
an alkali metal compound of a weak acid. The weak acid has a dissociation constant lower than a first dissociation 
constant of a dicarboxylic acid mainly constituting the polyamide resin. The polyamide resin satisfies the following 
requirements (A), (B) and (C): 



14000 <a<40000 



(A) 



b < 1 .000 



(B) 



0.9930 < b - 1.1a 2 x 10" 11 +3.2a X 10" 7 < 0.9980 



(C) 



wherein a and b are as defined in the disclosure. 
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Description 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

[0001] The present invention relates to a polyamide resin suitable for producing films, sheets, hollow molded articles 
such as bottles, and fibers. More specifically, the present invention relates to a polyamide resin produced by poly- 
condensing a diamine component mainly comprising m-xylylenediarnine and a dicarboxylic acid component mainly 
10 comprising adipic acid. 

2. Description of the Prior Art 

[0002] A polyamide produced by the polycondensation of a xylylenediamine and an aliphatic dicarboxylic acid, such 
as a polyamide produced from m-xylylenediamine and adipic acid (hereinafter may be referred to as "MX nylon"), has 
been used as a gas barrier material for films and bottles in the application fields of resin-reinforced injection materials 
and packaging materials, because of its high strength, high elastic modulus, low permeability to gaseous substance 
such as oxygen and carbon dioxide. 

[0003] A polyamide resin has a terminal amino group and a terminal carboxyl group at its molecular chain ends. The 
terminal amino group and the terminal carboxylic group are subjected to amidation reaction to increase the molecular 
weight (increase in melt viscosity) when melted for producing shaped articles. The increase in the melt viscosity may 
result in a low flowing speed and a long-term retention of a molten resin in a molding machine. A resin thus heated for 
an excessively long period of time is subjected to not only further amidation but also cross-linking reaction to become 
three-dimensional, thereby likely to produce gel ated mass that is different from a normal resin in their properties. In 
addition, the formation of gelated mass, etc. is accelerated if a molding machine has a portion stagnating a molten resin. 
[0004] The formation of gelated mass may adversely affect the molding operation and the final products. Gelated 
mass formed on the inner wall of a flow path of molten resin in a molding machine causes uneven extrusion and uneven 
thickness of films and sheets. Gelated mass included in shaped articles creates defective portions such as fish eyes 
and hard spots to reduce the strength and spoil the appearance. 

[0005] Therefore, to produce molded articles excellent in the strength and appearance by preventing the formation 
and inclusion of gelated mass, it is necessary to design a molding machine so as to minimize the stagnating portion, 
and additionally, it is inevitable to provide a high-quality polyamide which causes no abnormal reaction under melting. 
[0006] One of the methods for preventing the amidation reaction under melting is to control the terminal amino con- 
centration or the terminal carboxyl concentration of polyamide; "Kobunshi Ronbun-shu", Vol. 37, No. 2, pp95-102 de- 
scribes that the viscosity increase and the gelation of polyamide MXD6 under melting are prevented by using a starting 
adipic acid or m-xylylenediamine as a viscosity stabilizer, and that such effects are increased with increasing amount 
of the viscosity stabilizer. However, a large amount of the viscosity stabilizer breaks the molar balance between the 
monomers participated in the reaction to prolong the reaction time and fail to obtain a polyamide having a molecular 
weight enough to produce molded articles having a sufficient strength. 

[0007] Japanese Patent Application Laid-Open No. 49-38950 proposes to add a phosphorus compound or an alkali 
compound to improve the heat stability of polyamides. However, as a result of measurement of the gelation initiating 
time in a manner described in the example portion below, the mere addition of the proposed compound is not sufficiently 
effective. In addition, since the alkali compound slows down the rate of polycondensation, the proposed addition amount 
leads to a prolonged reaction time and a large heat history, thereby making it difficult to prevent the gel formation in a 
stagnating molten polyamide. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to proved a polyamide comprising a diamine component mainly comprising 
m-xylylenediamine and a dicarboxylic acid component mainly comprising a C4-C20 ot,a>-straight-chain aliphatic dicar- 
boxylic acid, which exhibits an excellent melt viscosity stability and is hard to form gels and fish eyes in a molding 
process into films, bottles, etc. 

[0009] As a result of extensive study, the inventors have found that the above object is achieved by a polyamide 
resin that is produced by polycondensing a diamine component mainly comprising m-xylylenediamine and a dicarbo- 
xylic acid component mainly comprising a C4-C20 oc,a>-straight-chain aliphatic dicarboxylic acid in the presence of 
specific additives so as to have a limited number average molecular weight and a limited terminal group molar ratio. 
The present invention has been accomplished on the basis of this finding. 

[0010] Thus, the present invention relates to a polyamide resin produced by polycondensation of a diamine compo- 
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neht comprising 70 mol% or more of m-xylylenediamine and a dicarboxylic acid component comprising 70 mol% or 
more of a C4-C20 a.co-straight-ehain aliphatic dicarboxylic acid, wherein the polycondensation is performed in the 
presence of at least one phosphorus compound selected from the group consisting of phosphinic acid compounds and 
phosphonous acid compounds in an amount of 3 to 400 ppm in terms of phosphorus atom based on a theoretical yield 
amount of the polyamide resin and in the presence of an alkali metal compound of a weak acid having a dissociation 
constant lower than a first dissociation constant of a dicarboxylic acid mainly constituting the polyamide resin in an 
amount of 0.5 to 1 .0 mol per one mole of the phosphorus compound, and wherein the polyamide resin satisfies the 
following requirements (A), (B) and (C): 

1 4000 <a< 40000 (A) 



. " • - b < 1 .000 (B) 

0.9930 < b - 1.1a 2 x 10' 11 + 3.2a X 10~ 7 < 0.9980 (C) 
wherein a is a number average molecular Weight calculated from the follow 

a = 2 x 1 0 6 / ([COOH] + [NH 2 ]) 

wherein [COOH] is a terminal carboxyl concentration (u,eq/g) and [NH 2 ] is a terminal amino concentration (ueq/g), 
25 b is a terminal group molar ratio represented by the following formula; 

b = (1 - 18.015[NH 2 ] - a ([COOH] - [NH 2 ])) 
30 /(1 -18.01 5[NH 2 ] + p([COOH].[NH 2 ])) 



wherein [COOH] and [NH 2 ] are as defined above, a is £(Mna x na) / 2 wherein Mna is a molecular weight of each 
dicarboxylic acid and na is a molar fraction of each carboxylic acid based on the total molar amount of the dicarboxylic 
acid component, and p is £(Mnb x nb) / 2 - 18.015 wherein Mnb is a molecular weight of each diamine arid nb is a 
molar fractiomof each diamine based on the total molar amount of the diamine component. 
[0011] The present invention also relates to a shaped article comprising the polyamide resin. 
[0012] The present invention further relates to a method for molding the polyamide, comprising a step of melt-molding 
the polyamide resin at a molten resin temperature of 275°C or lower. 

40 DETAILED DESCRIPTION OF THE INVENTION 

[0013] The polyamide resin of the present invention is produced by the polycondensation of a diamine component 
comprising 70 mol% or more of m-xylylenediamine and a dicarboxylic acid component comprising 70 mol% or more 
of a C4-C20 a,o>-straight-chain aliphatic dicarboxylic acid. 
45 [0014] The diamine component as a starting material for the polyamide resin comprises 70 mol% or more of m- 
xylylenediamine. The diamine component may contain 30 mol% of less of at least one diamine other than m-xylylen- 
ediamine, such as aliphatic diamines including tetramethylenediamine, pentamethylenediamine, hexamethylenedi- 
amine, octamethylenediamine and nonamethylenediamine; aromatic diamines including p-phenylenediamine, o-xy- 
lylenediamine and p- xylylenediamine; and alicyclic diamines including bis(aminomethyl)cyclohexane. 
[0015] The dicarboxylic acid component as a starting material for the polyamide resin comprises 70 mol% or more 
of a C4-C20 a,G>-straight-chain aliphatic dicarboxylic acid such as succinic acid, glutaric acid, pimelic acid, suberic 
acid, azelaic acid, adipic acid, sebacic acid, undecanedioic acid and dodecanedioic, with adipic acid being preferred. 
[0016] The dicarboxylic acid component may contain 30 mol% or less of a dicarboxylic acid other than the a,a>- 
straight-chain aliphatic dicarboxylic acid, such as an aromatic dicarboxylic acid including terephthalic acid, isophthalic 
55 acid and 2,6-naphthaienedicarboxylic acid. 

[0017] The polyamide is produced in the presence of at least one phosphorus compound selected from the group 
consisting of phosphinic acid compounds and phosphonous acid compounds together with an alkali metal compound 
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of a weak acid. The amount of the phosphorus compound is 3 to 400 ppm in terms of phosphorus atom based on a 
theoretical yield amount of the polyamide resin The weak acid has a dissociation constant lower than a first dissociation 
constant of a dicarboxylic acid mainly constituting the polyamide resin. The alkali metal of such a weak acid is used 
0.5 to 1 .0 mol per one mole of the phosphorus compound. By performing the polycondensation in the presence of the 
s phosphorus compound and the alkali metal compound of the weak acid in the limited amount and ratio and controlling 
the number average molecular weight and the terminal group molar ratio as mentioned below, a polyamide resin ex- 
cellent in the melt viscosity stability in the molding into films, sheets and bottles with little formation of gels and fish 
eyes is obtained. 

[0018] The phosphorus compound for use in the present invention is selected from the phosphinic acid compounds 

10 and the phosphonous acid compounds. Examples thereof include, but not limited to, hypophosphorous acid, sodium 
hypophosphite, potassium hypophosphite, lithium hypophosphite, ethyl hypophosphite, dimethylphosphinic acid, phe- 
nylrhethylphosphihic acid, phenylphosphonous acid, sodium phenylphosphonite, potassium phenylphosphonite, and 
ethyl phenylphosphonite. Other phosphorus compounds such as phosphoric acid compounds, phosphorous acid com- 
pounds and phosphonic acid compounds are inferior to the phosphinic acid compounds and the phosphonous acid 

15 compounds in preventing the formation of gels. 

[0019] By performing the polycondensation in the presence of the phosphorus compound in an amount of 3 to 400 
ppm in terms of phosphorus atom based on the theoretical yield amount of polyamide, the gel formation associated 
with cross-linking reaction is prevented and the degradation or decomposition of the polyamide resin is also prevented 
because the reaction time can be reduced, in addition, the resultant polyamide resin is also hard to form gels due to 

20 cross-linking reaction in the molten state during the molding process because subjected to a low heat history. An 
addition amount of less than 3 ppm does not yield a sufficient effect for preventing the gel formation. An addition amount 
of exceeding 400 ppm brings about no additional improvement in preventing the gel formation. 
[0020] The dissociation constant (Ka) is an indication of easiness of dissociation of acids or bases to ions. The larger 
the dissociation constant, the more easily dissociated acids or bases are. The inventors have found that the gel for- 

25 mation due to the amidation reaction and cross-linking reaction is influenced by the dissociation constant. Namely, by 
performing the polycondensation in the presence of an alkali metal compound of a weak acid that has a dissociation 
constant lower than a first dissociation constant of the major constitutional dicarboxylic acid of polyamide, a polyamide 
hardly forming gels due to the cross-linking reaction in either the production thereof and the molding thereof under 
molten state can be obtained. 

30 [0021] Since the first dissociation constant varies depending on the types of the major constitutional dicarboxylic 
acid, the types of the weak acid usable in the present invention also varies depending on the types of the major con- 
stitutional dicarboxylic acid. For example, if the major constitutional dicarboxylic acid of polyamide is succinic acid, 
adipic acid or azelaic acid; usable as the weak acid are, but not limited to, carbonic acid, boric acid, acetic acid, propionic 
acid, butyric acid, isobutyric acid, crotonic acid, valeric acid, caproic iacid, isocaproic acid, enanthic acid, caprylic, 

35 pelargonic, stearic, eye) opentanecarboxy lie acid, cyclohexanecarboxy lie acid, hydrocinnamic acid, y-phenylbutyric ac- 
id, p-phenbxybenzoic acid, o-oxycinnarhie acid, o-0-chlorophenylpropionic acid, and m-chlorophenylpropionic acid. 
[0022] By adding the alkali metal compound of the weaik acid in an amount of 0.5 to 1.0 mol per one mole of the 
phosphorus compound, the rate of reaction for forming amide linkages can be maintained at a practical level for in- 
dustrial production, and the degradation and decomposition of the polyamide resin during the polycondensation can 

40 be prevented. 

[0023] The polyamide resin of the present invention is regulated in its number average molecular weight and terminal 
group molar ratio so as to simultaneously satisfy the following requirements (A), (B) and (C): 



45 



so 



14000<a<40000 (A) 



b < 1 .000 (B) 



0.9930 < b - 1.1a 2 X 10' 11 +3.2a X 10" 7 < 0.9980 (C) 



55 



wherein a is the number average molecular weight calculated from the following formula: 

a = 2 x 1 0 6 / ([COOH] + [NH 2 ]) 
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wherein [COOH] is a terminal carboxyl concentration (p.eq/g) and [NH 2 ] is a terminal amino concentration (u,eq/g), 
b is the terminal group molar ratio represented by the following formula: 

5 b = (1- 18.0i5[NH 2 ] - a([COOH] - [NH 2 ])) 

/ (1 - 1 8.01 5[NH 2 ] + p([COOH] - [NH 2 ])) 

wherein [COOH] and [NH 2 ] are as defined above, a is Z(Mna x na) / 2 wherein Mna is a molecular weight of each 
10 dicarboxylic acid constituting the dicarboxylic acid component of the polyamide resin and na is a molar fraction of each 
carboxylic acid based on the total molar amount of the dicarboxylic acid component, and p is E(Mnb x nb) / 2 - 1 8.01 5 
wherein Mnb is a molecular weight of each diamine constituting the diamine component of the polyamide resin and hb 
is a molar fraction of each diamine based on the total molar amount of the diamine component. 
[0024] In the present invention, the number average molecular weight of the polyamide resin should be regulated 
15 within a range from 1 4000 to 40000. By controlling the number average molecular weight to 14000 or less, the change 
of the melt viscosity and the uneven flow caused by extra reaction of forming amide linkages during the melt-molding 
process can be prevented to obtain molded articles with a sufficient mechanical strength. By controlling to 4000 or 
less, the resultant polyamide resin has a melt viscosity enough to permit easy molding. 

[0025] In thSe polyamide resin of the present invention, the molar ratio of the terminal carboxyl group and the terminal 
20 amino group* i.e., the terminal group molar ratio represented by the following formula: 

(1 - 18.015[NH 2 ] - oc([COOH] - [NH 2 ]))/ (1 - 18.015[NH 2 ] + pttCpQH] - [NH 2 ])) 

25 wherein [COOH], [NH 2 ], a and p are as defined above, 

is 1 .000 or less, preferably 0.990 or more and the correlation between the terminal group molar ratio (b) and the number 
average molecular weight (a) satisfies the following formula: 

30 0.9930 < b- 1.1a 2 x 10" 11 +3.2a x 10" 7 < 0.9980. 



55 



[0026] By controlling the correlation to 0.9930 or more, the rate of reaction for forming amide linkages can be main- 
tained at a practical level for industrial production, and also, the degradation and decomposition of the polyamide resin 
during the polycondensation can be prevented because the reaction time is reduced. When the terminal group molar 

35 ratio is 1 .000 or less and the correlation of a and b is 0.9980 or less, the polymerization degree of the final polyamide 
resin can be effectively controlled because the rate of reaction for forming amide linkages can be prevented from being 
excessively large. In addition, the gel formation associated by the cross-linking reaction can be also prevented. 
[0027] The polyamide resin having the above properties is produced by a melt polycondensation or a solid-phase 
polymerization in which a low viscosity polyamide produced by a melt polycondensation is then heat-treated in solid 

40 state. 

[0028] The. melt polycondensation is performed, for example, but not particularly limited to, by heating an aqueous 
solution of a nylon salt of m-xylylenediamine and adipic acid to. allow the polycondensation to proceed while removing 
water added and water generated by the polycondensation, or alternatively, by directly adding m-xylylenediamine to 
molten adipic acid to proceed the polycondensation under ordinary pressure. The polymerization conditions are not 
45 particularly limited and one skilled in the art can determine without elaboration the optimum conditions for producing 
the polyamide resin having the above properties, particularly, the polyamide resjn controlled in its number average 
molecular weight, terminal group molar ratio, etc., by suitably selecting the charging ratio of the starting dicarboxylic 
acid component and the diamine component, the polymerization catalyst, the polymerization temperature and the 
polymerization time. 

so [0029] If desired, the molecular weight of the polyamide resin can be increased preferably by the solid-phase po- 
lymerization. The solid-phase polymerization is performed, for example, but not specifically limited to, in a batch-wise 
heating apparatus underpressure or reduced pressure. 

[0030] The polyamide resin of the present invention preferably satisfies the following requirement (D): 



ln(t) > 1 61 33 /(c + 273.1 5) -25.581 (D) 
wherein c is a temperature (°C) at which the polyamide resin is melted in a hermetically sealed container and t is a 
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gelation initiating time (h). 

[0031] The poiyamide resin of the present invention may contain, if desired, an inorganic and/or organic compound 
such as lubricants, discoloration inhibitors, anti-crosslinking agents, light stabilizers, pigments, antistatic agents, flame 
retardants, mold releasing agents, phyllosilicates, organic or inorganic salts of Co, Mn or Zn, and complexes, solely 
5 and in combination of two or more. 

[0032] The poiyamide of the present invention is molded into shaped articles such as films, sheets and hollow con- 
tainers by a known method. The poiyamide resin shaped articles thus produced are excellent in the properties such 
as barrier properties against gaseous substances such as oxygen and carbon dioxide. 

[0033] In particular, by molding the poiyamide resin at a molten resin temperature of 275°C or lower, the formation 
io of gelated mass can be prevented, and simultaneously, the occurrence of defects such as gels and fish eyes in the 
shaped articles can be avoided. 

[0034] The present invention will be described in more detail below with reference to the following examples. How- 
ever, these examples are only illustrative and not intended to limit the scope of the invention thereto. 
[0035] In the following examples and comparative examples, the measurements for evaluation were conducted in 
'5 the following manners. 

(1 ) Terminal Amino Concentration ([NH 2 ], n.eq/g) 

[0036] Accurately weighed 0.3 to 0.5 g of poiyamide was dissolved into 30 ml of a phenot/ethanol mixed solution 
20 (4/1 by volume) at 20 to 30°C under stirring. After the complete dissolution ; the resulting solution was subjected to 
neutralization titration with a 1/100 N hydrochloric acid to determine the terminal amino concentration. 

(2) Terminal Carboxyl Concentration ([COOH], neq/g) 

25 [0037] Accurately weighed 0.3 to 0.5 g of poiyamide was dissolved under nitrogen gas flow into 30 ml of benzyl 
alcohol at 160 to 180°C under stirring. After the complete dissolution, the resulting solution was cooled to 80°C under 
nitrogen gas flow, added with 1 0 ml of methanol under stirring, and subjected to neutralization titration with a 1/1 00 N 
aqueous sodium hydroxide to determine the terminal amino concentration. 

30 (3) Number Average Molecular Weight 

[0038] Using the determined values of the terminal carboxyl concentration and the terminal amino concentration, 
calculated from the following formula (E): 

number average molecular weight = 2 x TO 6 / ([NH 2 ] + [COOH]) (E). 

(4) Formation of Gelated Film on Inner Wall of Flow Path during Continuous Extrusion 

[0039] Using a 40-mm extruder, poiyamide resins melted at different temperatures were allowed to continuously 
pass at a rate of 3.5 kg/h for 24 h through a cylindrical flow path of 40 mm inner diameter and 200 mm length having 
its inner surface plated with hard chrome. The cylindrical flow path was maintained at the same temperature as used 
for melting each poiyamide resin. After stopping the flowing, the cylindrical flow path was left stand for cooling to solidify 
the resin therein, and then, the solidified resin column was removed from the inner wall of the flow path. If discoloration 
was observed on the surface of the resin column, the thickness of thie discolored portion at 100 mm downstream the 
flow entry was measured under a microscope. 

(5) Gelation Initiating Time of Stagnated Molten Poiyamide 

[0040] Into a PTFE (polytetrafluoroethylene) cavity plate having a disk cavity of 36 mm inner diameter and 1 mm 
depth, 1 .2 g of poiyamide was charged. The plate was sealed by a PTFE cover without leaving air therein, and then 
heat-pressed for 30 s at 275°C under 1 00 kg/cm 2 to prepare a poiyamide disk plate. The poiyamide plate was placed 
into a PTFE cavity plate having a cavity of the same dimension kept at respective temperature, pressed under 1 00 kg/ 
cm 2 for respective period of time, and then quenched to room temperature, thereby obtaining each sample. Accurately 
weighed 1 00 mg of poiyamide thus treated was dissolved in 20 ml of hexafluoroisopropanol (HFIP) at room temperature 
over 24 h. The solution was filtered through a PTFE membrane filter (pore size: 3 jim) having its weight already known, 
and the filter was washed with HFIP. The filter was dried for 30 min at 120°C by a hot dryer and weighed to calculate 
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the weight percentage of HFIP insolubles to the polyamide, which was employed as a gel concentration. 
[0041] The above procedure was repeated by increasing the retention time in two-hour increments for each temper- 
ature, and the gelation initiating time was represented by the retention time at which the gel concentration exceeded 
5% by weight. 

5 

EXAMPLE 1 

[0042] Into a 0.05-m 3 jacketed reaction vessel equipped with a stirring device, a partial condenser, a condenser, a 
thermometer a dropping funnel and a nitrogen gas inlet, were charged accurately weighed 1 4.87 kg of adipic acid (first 

10 dissociation constant: 3.72 x 10* 5 ), 10.65 g of sodium hypophosphite and 8:58 g of sodium carbonate. The first dis- 
sociation constant of the weak acid (carbonic acid) was 4.45 x 1 0 7 , the addition amount of the phosphorus compound 
(sodium hypophosphite) was 1 50 ppm in terms of phosphorus atom based on the theoretical yield amount of polyamide, 
and the molar ratio of alkali metal compound to phosphorus compound was 0,7. After replacing the inner atmosphere 
thoroughly with nitrogen, adipic acid was dissolved by heating to i70°C in a slight stream of nitrogen to make the 

15 contents into a uniform fluid, to which 1 3.77 g of m-xylylenediamine was added dropwise under stirring over 1 60 min 
while continuously raising the inner temperature to 245°C and removing the water, that was distilled as m-xylylenedi- 
amine was added dropwise, from the reaction system through the partial condenser and the condenser. 
[0043] After completing the dropwise addition of m-xylylenediamine, the inner temperature was continuously raised 
to 255°C to continue the reaction for 15 min. Then, the inner pressure was continuously reduced to 600 mmHg over 

20 10 min to further continue the reaction for 40 m in while continuously raising the reaction temperature to 260° C. 

[0044] After the reaction, the inside of the reaction vessel was pressurized by nitrogen gas to 0.2 MPa to extrude 
the polymer strand through a nozzle at the lower portion of the polymerization tank. The polymer strand was cooled 
and cut to obtain 25 kg of pellets. The above melt polymerization procedure was repeated 4 times in batch-wise manner 
to obtain 1 00 kg in total of pelfets (Polyamide 1 ). Polyamide 1 had a melting point of 238°C, a number average molecular 

25 weight of 16000 and a terminal group molar ratio of 0.9940, satisfying the requirements (A), (B) and (C). 

[0045] The gelation initiating time (t) of stagnated molten Polyamide 1 was 110 h at 260°C, 48 h at 275°Cand 22 h 
at 290°C, satisfying the requirement (D). 

[0046] Polyamide 1 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
wall of the flow path. No discoloration and no gel formation was noticed on the surface of the resin column. 



30 



COMPARATIVE EXAMPLE 1 



[0047] In the same manner as in Example 1 except that the polycohdensation was stopped 20 min after reducing 
the inner pressure of the reaction system to 600 mmHg, 100 kg pellets (Polyamide 2) were obtained. Polyamide 2 had 
35 a melting point of 237°C, a number average molecular weight of 13000 and a terminal group molar ratio of 0.9940, 
failing to satisfy the requirement (A). 

[0048] The gelation initiating time (t) of stagnated molten Polyamide 2 was 1 02 h at 260°C : 40 h at 275°C and 1 6 h 
at 290°C, failing to satisfy the formula (D). 

[0049] Polyamide 2 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
^o wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
was 100 urn. 

EXAMPLE 2 

45 [0050] Into a 0.05-m 3 jacketed reaction vessel equipped with a stirring device, a partial condenser, a condenser, a 
thermometer a dropping funnel and a nitrogen gas inlet, were charged accurately weighed 14.86 kg of adipic acid, 
10.65 g of sodium hypophosphite and 8.58 g of sodium carbonate. The addition amount of the phosphorus compound 
(sodium hypophosphite) was 1 50 ppm in terms of phosphorus atom based on the theoretical yield amount of polyamide, 
and the molar ratio of alkali metal compound to phosphorus compound was 0.7. After replacing the inner atmosphere 

so thoroughly with nitrogen, adipic acid was dissolved by heating to 170°C in a slight stream of nitrogen to make the 
contents into a uniform fluid, to which 13.79 g of m-xylylenediamine was added dropwise under stirring over 160 min 
while continuously raising the inner temperature to 245°C and removing the water, which was distilled as m-xylylehe- 
diamine was added dropwise, from the reaction system through the partial condenser and the condenser. 
[0051] After completing the dropwise addition of m-xylylenediamine, the inner temperature was continuously raised 

55 to 255°C to continue the reaction for 15 min. Then, the inner pressure was continuously reduced to 600 mmHg over 
10 min to further continue the reaction for 40 min while continuously raising the reaction temperature to 260°C. 
[0052] After the reaction, the inside of the reaction vessel was pressurized by nitrogen gas to 0.2 MPa to extrude 
the polymer strand through a nozzle at the lower portion of the polymerization tank. The polymer strand was cooled 
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and cut to obtain 25 kg of pellets. The above melt polymerization procedure was repeated 4 times in batch-wise manner 
to obtain 100 kg in total of pellets. 

[0053] Into a 0.25-m 3 stainless heating apparatus of rotary drum type, 100 kg of the pellets were charged and the 
drum was rotated at 5 rpm. After replacing the inner atmosphere with nitrogen thoroughly the temperature of the 
s reaction system was raised from room temperature to 140°C in a slight nitrogen flow. The reaction system was evac- 
uated to 1 Torr when the temperature reached 140°C, and then, the temperature was raised to 200°C over 110 mih. 
After reaching 200°C, the reaction was further continued for 20 min at the same temperature. 

[0054] After the reaction, the evacuation was stopped and the temperature was lowered in nitrogen flow. The pellets 
(Pofyamide 3) were taken out when the temperature was lowered to 60°C. 
10 [0055] Poiyamide 3 had a melting point of 238°C, a number average molecular weight of 24000 and a terminal group 
molar ratio of 0.9955, satisfying the requirements (A), (B) and (C). 

[0056] The gelation initiating time (t) of stagnated molten Poiyamide 3 was 1 1 6 h at 260°C, 50 h at 275°C and 22 h 
at 290°C, satisfying the requirement (D). 

[0057] Poiyamide 3 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
15 wall of the flow path. No discoloration and no gel formation was noticed on the surface of the resin column. 

EXAMPLE 3 

[0058] the melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
20 2 except for using 6.66 g of sodium acetate in stead of sodjum carbonate to obtain 1 00 kg of pellets (Poiyamide 4). 
The dissociation constant of the weak acid (acetic acid) was 1.75 x 10' 5 , the addition amount of the phosphorus 
compound (sodium hypophosphite) was 150 ppm in terms of phosphorus atom based on the theoretical yield amount 
of poiyamide, and the molar ratio of alkali metal compound to phosphorus compound was 0.7. Poiyamide 4 had a 
melting point of 238° C, a number average molecular weight of 24000 and a terminal group molar ratio of 0.9955, 
25 satisfying the requirements (A), (B) and (C). 

[0059] The gelation initiating time (t) of stagnated molten Poiyamide 4 was 117 h at 260°C, 52 h at 275°C and 23 h 
at 290° C, satisfying the requirement (D). 

[0060] Poiyamide 4 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
wall of the flow path. No discoloration and no gel formation was noticed on the surface of the resin column. 

30 

COMPARATIVE EXAMPLE 2 

[0061] Poiyamide 4 was passed through a cylindrical flow path at 290°C to evaluate the gel formation on the inner 
wail of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
35 was 75 jim. 

COMPARATIVE EXAMPLE 3 

[0062] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
to 2 except for changing the addition amount of m-xylylenediamine to 13.81 kg and the solid-phase polymerization time 

at 200°C to 10 min to obtain 100 kg of pellets (Poiyamide 5). Poiyamide 5 had a melting point of 238°C, a number 

average molecular weight of 23800 and a terminal group molar ratio of 0.9970, failing to satisfy the requirement (C)._ 

[0063] The gelation initiating time (t) of stagnated molten Poiyamide 5 was 1 04 h at 260°C 5 42 h at 275°C and 1 8 h 

at 290°C, failing to satisfy the formula (D). 
45 [0064] Poiyamide 5 was passed through a cylindrical flow path at 270° C to evaluate the gel formation on the inner 

wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 

was 90 fim. 

EXAMPLE 4 

50 

[0065] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
2 except for changing the addition amount of m-xylylenediamine to 13.84 kg and the solid-phase polymerization time 
at 200°C to 120 min to obtain 100 kg of pellets (Poiyamide 6). Poiyamide 6 had a melting point of 238°C, a number 
average molecular weight of 37000 and a terminal group molar ratio of 0.9990, satisfying the requirements (A), (B) 
55 and(C). 

[0066] The gelation initiating time (t) of stagnated molten Poiyamide 6 was 1 18 h at 260°C, 52 h at 275°C and 24 h 
at 290°C, satisfying the requirement (D). 

[0067] Poiyamide 6 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
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wall of the flow path. No discoloration and no gel formation was noticed on the surface of the resin column; 
COMPARATIVE EXAMPLE 4 

[0068] Polyamide 6 was passed through a cylindrical flow path at 290°C to evaluate the gel formation on the Inner 
wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
was 75 urn. 



COMPARATIVE EXAMPLE 5 



10 



[0069] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
4 except for changing the addition amount of m-xylylenediamine to 13.86 kg and the solid-phase polymerization time 
at 200°C to 130 min to obtain 100 kg of pellets (Polyamide 7). Polyamide 7 had a melting point of 238°C, a number 
average molecular weight of 38400 and a terminal group molar ratio of 1 .001 , failing to satisfy the requirement (B). 
15 [0070] The gelation initiating time (t) of stagnated molten Polyamide 7 was 1 04 h at 260°C S 42 h at 275°C and 1 8 h 
at 290°C, failing to satisfy the formula (D). 

[0071] Polyamide 7 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
wall of the flow path . The surface of the resin column changed to brown color and the thickness of the brown portion 
was80|im. 



20 



45 



COMPARATIVE EXAM PLE 6 



[0072] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
4 except for changing the addition amount of m-xylylenediamine to 1 3.85 kg and the solid-phase polymerization time 
25 at 200°C to 160 min to obtain 100 kg of pellets (Polyamide 8). Polyamide 8 had a melting point of 239°C, a number 
average molecular weight of 42000 and a terminal group molar ratio of 0.9995, failing to satisfy the requirement (A). 
[0073] The gelation initiating time (t) of stagnated molten Polyamide 8 was 100 h at 260°C 5 41 h at 275°C and 17 h 
at 290°C, failing to satisfy the formula (D). 

[0074] Polyamide 8 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
30 wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
was 90 jim. 

COMPARATIVE EXAMPLE 7 

35 [0075] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
4 except for changing the addition amount of m-xylylenediamine to 13.72 kg, the melt polymerization time after reducing 
to 600 mmHg to 60 min, and the solid-phase polymerization time at 200°C to 180 min to obtain 100 kg of pellets 
(Polyamide 9) ; Polyamide 9 had a melting point of 238°C, a number average molecular weight of 23000 and a terminal 
group molar ratio of 0.9900, failing to satisfy the requirement (C). 

40 [0076] The gelation initiating time (t) of stagnated molten Polyamide 9 was 101 h at 260°C S 42 h at 275°C and 18 h 
at 290°C, failing to satisfy the formula (D). 

[0077] Polyamide 9 was passed through a cylindrical flow path at 270° C to evaluate the gel formation on the inner 
wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
was 70 jxm. 



COMPARATIVE EXAMPLE 8 



[0078] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
2 except for using 14.53 g of sodium dihydrogen phosphate in stead of sodium hypophosphite to obtain 100 kg of 

50 pellets (Polyamide 10). The addition amount of the phosphorus compound (sodium dihydrogen phosphate) was 150 
ppm in terms of phosphorus atom based on the theoretical yield amount of polyamide, and the molar ratio of alkali 
metal compound to phosphorus compound was 0.7. Polyamide 10 had a melting point of 238°C, a number average 
molecular weight of 24000 and a terminal group molar ratio of 0.9955, satisfying the requirements (A), (B) and (C). 
[0079] The gelation initiating time (t) of stagnated molten Polyamide 10 was 99 h at 260°C S 40 h at 275°C and 16 h 

55 at 290°C, failing to satisfy the formula (D). 

[0080] Polyamide 1 0 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
was 90 
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COMPARATIVE EXAMPLE 9 

[0081] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
2 except for using 11 .69 g of sodium benzoate in stead of sodium carbonate to obtain 100 kg of pellets (Polyamide 
11). The dissociation constant of the weak acid (benzoic acid) was 6.31 x 10 5 , and the molar ratio of alkali metal 
compound to phosphorus compound was 0.7. Polyamide 11 had a melting point of 238°C, a number average molecular 
weight of 23000 and a terminal group molar ratio of 0.9955, satisfying the requirements (A), (B) and (C). 
[0082] The gelation initiating time (t) of stagnated molten Polyamide 11 was 100 h at 260°C, 41 h at 275 9 C and 1 6 
h at 290°C, failing to satisfy the formula (D). 

[0083] Polyamide 11 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
was 90 urn 

COMPARATIVE EXAMPLE 10 

[0084] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
2 except for using 3.24 g of sodium hydroxide in stead of sodium carbonate to obtain 100 kg of pellets (Polyamide 12). 
The molar ratio of alkali metal compound to phosphorus compound was Q.7. Polyamide 12 had a melting point of 
238°C, a number average molecular weight of 23000 and a terminal group molar ratio of 0.9955, satisfying the require- 
ments (A), (B) and (C). 

[0085] The gelation initiating time (t) of stagnated molten Polyamide 12 was 102 h at 260°C, 42 h at 275°C and 18 
h at 290°C, failing to satisfy the formula (D). 

[0086] Polyamide 12 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
was 70 u.m. 

COMPARATIVE EXAMPLE 11 

[0087] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
2 except for using 14.91 g of sodium acetate in stead of sodium carbonate and changing the solid-phase polymerization 
time at 200°C to 180 min to obtain 100 kg of pellets (Polyamide 13). The molar ratio of alkali metal compound to 
phosphorus compound was 1 .5. Polyamide 13 had a melting point of 238^0, a number average molecular weight of 
22000 and a terminal group molar ratio of 0.9955, satisfying the requirements (A), (B) and (C). 
[0088] The gelation initiating time (t) of stagnated molten Polyamide 13 was 104 h at 260°C, 43 h at 275°C and 19 
h at 290°C, failing to satisfy the formula (D). 

[0089] Polyamide 1 3 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
was 40 um. 

COMPARATIVE EXAMPLE 12 

[0090] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
2 except for using 2.98 g of sodium acetate in stead of sodium carbonate to obtain 1 00 kg of pellets (Polyamide 14). 
The molar ratio of alkali metal compound to phosphorus compound was 0.3. Polyamide 14 had a melting point of 
238°C, a number average molecular weight of 25000 and a terminal group molar ratio of 0.9955, satisfying the require- 
ments (A), (B) and (C). 

[0091] The gelation initiating time (t) of stagnated molten Polyamide 14 was 100 h at 260°C, 41 h at 275°C and 17 
h at 290°C, failing to satisfy the formula (D). 

[0092] Polyamide 1 4 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
was 90 urn. 

COMPARATIVE EXAMPLE 13 

[0093] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
2 except for using no sodium hypophosphite and changing the solid-phase polymerization time at 200°C to 180 min 
to obtain 100 kg of pellets (Polyamide 15). Polyamide 15 had a melting point of 238°C, a number average molecular 
weight of 23000 and a terminal group molar ratio of 0.9955, satisfying the requirements (A), (B) and (C). 
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[0094] The gelation initiating time (t) of stagnated molten Polyamide 15 was 1 05 h at 260°C, 45 h at 275°C and 20 
h at 290°C, failing to satisfy the formula (D). 

[0095] Polyamide 1 5 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
s was 40 jim. 

COMPARATIVE EXAMPLE 14 



[0096] The melt polymerization and the solid-phase polymerization were repeated in the same manner as in Example 
10 2 except for using no sodium hypophosphite to obtain 100 kg of peliets (Polyamide 16). Polyamide 16 had a melting 
point of 238°C, a number average molecular weight of 24000 and a terminal group molar ratio of 0.9955, satisfying 
the requirements (A), (B) and (C). 

[0097] The gelation initiating time (t) of stagnated molten Polyamide 1 6 was 1 00 h at 260°C, 40 h at 275°C and 1 7 
h at 290°C, failing to satisfy the formula (D). 
15 [0098] Polyamide 1 6 was passed through a cylindrical flow path at 270°C to evaluate the gel formation on the inner 
wall of the flow path. The surface of the resin column changed to brown color and the thickness of the brown portion 
was 100 urn. 

[0099] The polyamide of the present invention is industrially useful material because of its excellent melt viscosity 
stability in the molding process into films, sheets or bottles and its preventing effect against the formation of gels and 
20 fjsh eyes. 

Claims 

25 1. A polyamide resin produced by potycondehsation of a diamine component comprising 70 mol% or more of m- 
xylylenediamine and a dicarboxylic acid component comprising 70 mol% or more of a C4-C20 a,o>-straight-chain 
aliphatic dicarboxylic acid, wherein the polycondensation is performed in the presence of at least one phosphorus 
compound selected from the group consisting of phosphinic acid compounds and phosphonous acid compounds 
in an amount of 3 to 400 ppm in terms of phosphorus atom based on a theoretical yield amount of the polyamide 

30 resin and^n the presence of an alkali metal compound of a weak acid having a dissociation constant lower than 

a first dissociation constant of a dicarboxylic acid mainly constituting the polyamide resin in an amount of 0.5 to 
1.0 mol per one mole of the phosphorus compound, and wherein the polyamide resin satisfies the following re- 
quirements (A), (B) and (C): 



35 



14000 < a < 40000 (A) 



40 



b < 1 .000 (B) 



0.9930 <b - 1.1a 2 x 10" 11 + 3.2a X 10" 7 < 0.9980 (C) 



wherein a is a number average molecular weight calculated from the following formula: 

45 

a = 2 x 1 0 6 / ([COOH] + [NH 2 ]) 

wherein [COOH] is a terminal carboxyl concentration (u.eq/g) and [NH 2 ] is a terminal amino concentration (jieq/g), 
50 b is a terminal group molar ratio represented by the following formula: 



b = (1 - 1 8.015[NH 2 ] - a([COOH] - [NH 2 ])) 
/ (1 - 18.015[NH 2 ] + p([COOH] - [NH 2 ])) 

wherein [COOH] and [NH 2 ] are as defined above, a is E(Mna x na) / 2 wherein Mna is a molecular weight of each 
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dicarboxylic acid and na is a molar fraction of each carboxylic acid based on the total molar amount of the dicar- 
boxylic acid component, and p is Z(Mnb x rib) / 2 - 18.015 wherein Mnb is a molecular weight of each diamine 
and nb is a molar fraction of each diamine based on the total molar amount of the diamine component. 

s 2. The polyamide resin according to Claim 1 , further satisfying the following requirement (D): 

ln(t) > 16133/(c + 273.15) -25.581 (D) 

10 wherein c is a temperature (°C) at which the polyamide resin is melted in a hermetically sealed container and t is 

a gelation initiating time (h). 

3. The polyamide resin according to Claim 1 or 2, wherein the C4-C20 a, to-straight-chain aliphatic dicarboxylic acid 
is at least one dicarboxylic acid selected from the group consisting of succinic acid, giutaric acid, pimelic acid, 

15 suberic acid, azelaic acid, adipic acid, sebacic acid, undecanedioic acid and dbdecanedioic. 

4. The polyamide resin according to any one of Claims 1 to 3, wherein the C4-C20 ct,o>-straight-chain aliphatic dicar- 
boxylic acid is at least one dicarboxylic acid selected from the group consisting of succinic acid, azelaic acid, and 
adipic acid. 

20 

5. The polyamide resin according to Claim 4, wherein the weak acid is at least one acid selected from the group 
consisting of carbonic acid, boric acid, acetic acid, propionic acid, butyric acid, isobutyric acid, crptonic acid, valeric 
acid, caproic acid, isocaproic acid, enanthic acid, caprylic, pelargonic, stearic, cyclopentanecarboxylic acid, cy- 
clohexanecarboxy lie acid, hydrocinnamic acid, y-pheny I butyric acid, p-phenoxybenzoic acid, o-oxycinnamic acid, 

25 o-0-chlorophenylpropionicacid, and m-chlorophenylpropionic acid. 

6. The polyamide resin according to any one of Claims 1 to 5, wherein the phosphorus compound is at least one 
compound selected from the group consisting of hypophosphorous acid, sodium hypophosphite, potassium hypo- 
phosphite, lithium hypophosphite, ethyl hypophosphite, dimethylphosphinic acid, phenylmethylphosphinic acid, 

30 phenylphosphonous acid, sodium pheny|phosphonite, potassium phenylphosphonite, and ethyl phenylphos- 

phonite. 

7. A shaped article produced by molding a polyamide resin as defined in any one of Claims 1 to 6. 

35 8. A method for molding a polyamide resin as defined in any one of Claims 1 to 6, which comprises a step of melt- 
molding the polyamide resin at a molten resin temperature of 275°C or lower. 
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